Background. Iodine-deficiency disorders are a major public health problem in Ethiopia. In conjunction with implementing control programs, baseline information needs to be established.
Introduction
Deficiency in the intake or absorption of iodine has serious consequences for health and for mental and physical functions, including goiter at all ages; endemic cretinism, mainly characterized by mental deficiency, deaf-mutism, and spastic diplegia related to fetal iodine deficiency; impaired mental function in children and adults with goiter and its complications associated with hypothyroidism; and increased rate of abortion and stillbirth, as well as high perinatal and infant mortality [1] [2] [3] [4] [5] [6] . These conditions are collectively known as iodine-deficiency disorders. Although the most visible indications of iodine deficiency are goiter and cretinism, many more people are afflicted with less severe deficits that are not obvious clinically and are not easy to measure. When the goiter rate is above 30%, cretinism occurs in 5% to 15% of the population [7, 8] .
It has been a long time since nationwide surveys on iodine-deficiency disorders were conducted in Ethiopia [9, 10] . In the two surveys conducted, the goiter rate was greater than 30% in schoolchildren. The first survey covered the entire country, whereas the second included only urban schools; neither study collected data on urinary iodine excretion (UIE). Urinary iodine is the most reliable indicator of the iodine-deficiency status in a given community. Several small-scale or pocket studies were conducted in different parts of the Cherinet Abuye, Yemane Berhane, Girma Akalu, Zewditu Getahun, and Tesema Ersumo Cherinet Abuye, Girma Akalu, and Zewditu Getahun are affiliated with the Ethiopian Health and Nutrition Research Institute, Addis Ababa, Ethiopia; Yemane Berhane is affiliated with the Department of Community Health, Faculty of Medicine, Addis Ababa University, Addis Ababa, Ethiopia; Tesema Ersumo is affiliated with the Department of Surgery, Faculty of Medicine, Addis Ababa University, Addis Ababa, Ethiopia.
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In 1988, immediately after the second survey, a salt iodation program was initiated in the Red Sea port of Assab, which was interrupted without having made much progress due to political instability in the area. Since then little effort has been made to control and eradicate iodine-deficiency disorders in Ethiopia, mainly due to lack of local salt production in the country. Currently, because production of salt in the country is now adequate, the Federal Ministry of Health, together with other stakeholders, has pledged to implement a universal salt iodization program in Ethiopia.
The National Iodine-Deficiency Disorders Technical Steering Committee, coordinated by the Federal Ministry of Health, has drafted legislation for a universal salt iodization program, with implementing regulations, and submitted the draft to the parliament; the draft in turn was forwarded to the Social Affairs Standing Committee for urgent review. The legislation bans the importation, production, and distribution of non-iodated salt in the country. Implementation of the intervention program faces considerable challenges due to the need to coordinate and organize the smallscale salt producers for effective use of the iodization facilities and the poor state of the infrastructure, mainly roads and electricity, in the salt production areas.
Because the existing information on iodine-deficiency disorders is old and probably unrepresentative, this survey was designed and initiated to systematically investigate the existing magnitude and geographic distribution of iodine deficiency in order to establish current background information before a salt iodization program is effected in the country.
Materials and methods
From February to May 2005, a cross-sectional survey was conducted among children 6 to 12 years of age in households in 10 of the 11 regional states of Ethiopia. The Somali region was excluded from the survey because of security problems. Similarly, in Gambella, only the regional capital and surrounding areas were assessed because other areas were inaccessible for security reasons.
Multistage cluster-sampling methods [17] were used to select the study population. A total of 10,965 children, 30 per cluster, were included in the study. Thirty clusters per regional state were selected by assigning probability proportional to the population size. In each regional state, the total populations were calculated and the names of the districts and population size of the regions. Demographic and Health Survey (DHS) 2000 data [18] were used for identification of the names of the districts and population size of each region. The total number of the children in the study population divided by the number of clusters (30) determines the sampling interval. The first cluster was selected on the basis of the number drawn with the use of a random number table. To select the other clusters, the sampling interval was added sequentially to the random number until all 30 clusters were selected.
In four large and densely populated regional states-Amhara, Oromia, Southern Nations Nationalities and Peoples (SNNP), and Tigray-the survey was conducted in both highland and adjacent lowland villages of the selected clusters. The sample size in each of these regional states was nearly twice that in the other regional states. The initial aim was to assess iodinedeficiency disorders in the two ecozones independently. However, because of a lack of separately delimited lowland and highland populations, the magnitude of the IDD is not given by high and low land community separately because of the lack of delimited high and low land population to weight the results.
In each cluster, a household was selected by going to the center of the area, spinning a pen, and proceeding in the direction in which the pen pointed. If the selected household had a child 6 to 12 years of age, that child was included in the study. If the household had more than one child in this age group, one child was randomly selected for participation in the study. This procedure was repeated until 30 children per cluster had been selected for estimation of thyroid size and urine collection.
Children were selected from households instead of schools because many children in Ethiopia do not go to school, especially in rural areas where there may be no schools, and also because in some parts of the country girls are less likely to go to school than boys. The magnitude of iodine-deficiency disorders was assessed by the new simplified and internationally accepted procedure of goiter classification [6] , in which thyroid gland size is graded as 0 (normal), 1 (palpable goiter), or 2 (visible goiter).
In each cluster, 30 casual urine samples were collected from the same children who underwent clinical examination for goiter. The urine samples were collected in iodine-free test tubes. Urinary iodine analysis was performed in duplicate at the iodine laboratory of the Ethiopian Health and Nutrition Research Institute (EHNRI) by the wet digestion method [19] . Duplicates of some urine samples were analyzed both at the EHNRI and at the Human Nutrition Research Department of Stellenbosch University, South Africa, by the same method. The results from the two laboratories were not significantly different. A certain portion of the samples analyzed in South Africa was used for quality control at the EHNRI. The UIE results were expressed as micrograms of iodine per 100 mL of urine. To estimate the severity of iodine deficiency in the study population, the UIE cutoff points recommended by the World Health Organization/UNICEF/International Council for the Control of Iodine Deficiency Disorders (WHO/UNICEF/ICCIDD) [20] were used.
All survey households in each cluster were requested to provide samples of salt being consumed by the family members to determine whether the salt was iodated. A total of 10,894 salt samples were tested for the presence of iodine. The test was performed with a rapid spot field test kit (MBI Kits) which causes iodated salt to turn blue (the intensity of the color depends on the iodine content). The amount of salt consumed per person per day was also estimated by the 24-hour dietary recall method.
The physicians and nurses underwent 1 week of training from February 7 to 12, 2005, to standardize the method of clinical examination for goiter and participate in the survey. Data were collected by house-to-house visits. The team leaders checked the reliability of the data in the field by repeating some of the measurements every day. Each team met every evening to discuss the experience of the day and the way forward.
Data processing and analysis were done with SPSS for Windows (version 10, 1997) and Epi Info. Descriptive statistics were used to present results. The chisquare test was used to assess differences in magnitude of goiter between the two sexes. Children aged 6 to 12 years account for 16% of the total population in the country [21] . Accordingly, the results from different regional states were weighted according to the population size of the region, to make regional distribution nationally representative. The Gambella region was not adequately represented, and hence the data were not weighted and merged to indicate national prevalence.
This study was initially approved by the research and ethical committee of the EHNRI, and the regional administration in each regional state also approved the study. The parents gave informed consent prior to the inclusion of their children in clinical examination and urine sample collection. Table 1 summarizes the demographic characteristics of the survey population in each regional state in Ethiopia. Of 10,965 children surveyed, 5,846 (53.3%) were boys and 5,119 (46.7%) were girls. The mean age of the children included in the clinical examination for goiter was 8.3 ± 1.9 years. The male:female ratio was 1.16.
Results

Age and sex distribution of survey population
Goiter rate according to regional states Table 2 shows the rates of palpable and visible goiter, and the sum of these rates, the total goiter rate (TGR), for each regional state. The highest TGR (56.2%) was found in the SNNP regional state, followed by 42.0% in Oromia, 40.5% in Benshangul Gumuz, 29.1% in Amhara, and 21.9% in Tigray. These results show that 3 out of 10 regional states had severe iodine deficiency (TGR greater than 30%), whereas two had TGRs between 20.0% and 29.9%, indicating moderate iodine deficiency. The TGR in the rest of the regional states ranged from about 5% to 20%, indicating mild iodine deficiency according to the WHO/UNICEF/ICCIDD classification. The TGR in Harari was normal (4.7%).
The overall national weighted TGR in Ethiopia was 39.9% (95% confidence interval, 38.6% to 41.2%), with rates of 27.7% for palpable and 12.2% for visible goiter. About 4 million children were affected by goiter. Gambella regional state was not included in the national prevalence analysis.
The goiter rate in each regional state according to sex is shown in table 3. The TGR was higher in girls than in boys in all regional states except Afar; the difference was significant in Oromia (p = .05), Addis Ababa (p = .002), and Benshangul Gumuz (p < .001). 1 . Nearly 46% of the children were in the severe range of iodine deficiency, 23% were in the moderate range, and 15% and 17% were in the mildly low and normal range, respectively. Table 4 shows UIE values according to regional state. In 6 of 10 regional states, the median UIE level was 2.00 µg/dL or less, the cutoff value for severe iodine deficiency. In two of the regions (Amhara and Oromia), the UIE was between 2.01 and 5.00 µg/dL, an indication of moderate iodine deficiency. The UIE in Afar regional state was greater than 10 µg/dL, which was a clear indication of normal iodine nutrition. The overall (national) median UIE level was 2.45 µg/dL, and the mean was 5.50 ± 8.5 µg/dL (range, 0.04 to 350 µg/dL).
Availability of iodated salt and salt consumption
During the survey, the availability of iodated salt in the households and the amount of salt consumed per person per day were investigated (table 5). The national mean consumption of salt was 8.4 ± 5.9 g per person per day. The regional states with the highest proportions of households with iodated salt were Dire Dawa with 18.6%, Afar with 14.8%, Addis Ababa with 5.6%, and Benshangul Gumuz with 5.6%. The average proportion of households consuming iodated salt nationwide during the survey was 4.2%.
Discussion
This is the first study describing iodine deficiency with the use of both clinical and biochemical features at the national level in Ethiopia. The weighted average national TGR of 39.9% among children in the current survey is a clear indication that Ethiopia is severely affected by iodine deficiency.
The highest TGRs (> 30%), indicating severe iodine deficiency, were found in SNNP, Oromia, and Benshangul Gumuz, whereas in Amhara and Tigray the rate was between 20% and 29.9% (moderate). About 90% of the country's population is found in these five regional states, where the iodine-deficiency disorders situation was moderate to severe. In the rest of the regional states, the TGR was below 20%, i.e., normal to mild. Most of the ad hoc or pocket studies [11] [12] [13] [14] [15] [16] done since World War II in many parts of Ethiopia, although unrepresentative, are in line with the current findings, showing a TGR goiter prevalence greater than 30% and indicating that iodine deficiency has long been a public health problem in Ethiopia. A more systematic iodine-deficiency disorders survey conducted 25 years ago [9] found an average goiter rate of 30% in children, and another survey done in urban schools in the country found a rate of 32% [10] . These two studies obviously illustrate that the problem of iodine-deficiency disorders in Ethiopia is severe and has been increasing through time. However, a fully designed study of iodine-deficiency disorders including reliable biochemical indicators has not previously been undertaken in the country. The current survey, which included both clinical measurements and UIE, indicated a similar increasing trend of goiter endemicity and that the problem of iodine deficiency is still severe. This is not unexpected, as micronutrient malnutrition has a long history in Ethiopia [9-16, 22, 23] , with iodine deficiency affecting the entire country.
Despite the consequences of iodine-deficiency disorders, no control program has been implemented in the country except for the 1988 salt iodization program initiated at Asab port, which was interrupted due to political instability in the area. The virtual absence of iodated salt in households during this survey also confirms that the attention given so far to the control and eradication of iodine-deficiency disorders in Ethiopia has been very minimal. The 1988 unsuccessful salt iodization program may also have played a role in the further worsening of the iodine-deficiency situation in Ethiopia. This is because in areas affected by iodine-deficiency disorders, cessation of salt iodization is associated with a rapid deterioration of thyroid function in school-age children [24] .
UIE is the most reliable, although indirect, indicator of iodine intake, because iodine intake is more or less equal to excretion. The UIE level in the present survey clearly indicates the presence of severe iodine deficiency in Ethiopia. The median national UIE concentration of 2.45 µg/dL is far below the WHO/ UNICEF/ICCIDD cutoff point of 10 µg/dL or above that indicates adequate iodine intake and optimal iodine nutrition in the population. More than 83% of the study population had UIE levels less than 10 µg/ dL; 45.8% of these had UIE levels less than 2 µg/dL, indicating severe iodine deficiency, and 22.8% had UIE levels between 2.01 and 5.00 µg/dL, indicating moderate iodine deficiency. Most of the regional states except Harari and Afar had median UIE levels of 5.00 µg/ dL or less, an indication of severe to moderate iodine deficiency.
Another factor that may contribute to iodine deficiency is lack of iodine in the soil. Ethiopia is a mountainous country, and poor soil conservation over a long period may have contributed to the leaching away of the iodine-rich soil layer and the exposing of the iodine-poor layer beneath [7] . This process is usually more severe in highland areas than in lowlands. The present survey, in accord with previous reported studies [9] , showed that the prevalence of iodine deficiency as indicated by goiter in Ethiopia was greater at higher altitudes. The consumption of cassava may also have contributed to regional variation in the prevalence of iodine-deficiency disorders. Cassava is widely consumed in some parts of the country. It contains a goitrogenic substance known as cyanogenic glucoside, which upon conversion to thiocyanate in the body exacerbates iodine deficiency when iodine intake is marginal or low [25, 26] . The endemicity of goiter was higher in SNNP and Benshangul Gumuz regional states, where cassava is consumed widely. Similarly, another study [27] conducted in the southern part of Ethiopia indicated that goiter prevalence increased after introduction of cassava to the region.
The higher goiter rate in girls than in boys is expected because of the physiological differences that increase the demand for extra iodine and the loss of iodine from the body in females.
In many parts of Ethiopia (mainly in local communities), goiter is recognized only when it is visible. Even at the visible stage, many people do not seek medical assistance because of the absence of pain. They visit the health institute only when the goiter becomes toxic or large with pressure symptoms or for cosmetic reasons. Moreover, in many goiter-endemic parts of the country, those with voluminous goiters are socially discriminated against in marriage, schooling, and public gatherings (Ethiopia Nutrition Institute/UNICEF documentary film, "IDD in Ethiopia", to be released in 2008). Iodine deficiency thus has a negative impact on intellectual ability, work capacity, and the economic development of the country [5, 28] .
As shown in the WHO iodine-deficiency disorders database [29] , enormous progress has been made around the world toward implementing salt iodization programs. According to the WHO data, the rate of iodine deficiency in Ethiopia is one of the highest in the world. Iodine deficiency has long been a public health problem in Ethiopia. With the increasing trend of endemicity, it adversely affects the entire country, in particular females, and the condition is moderate to severe in nearly 70% of the affected population. The results of this study dictate that iodine-deficiency disorders are a priority to be addressed and that the ongoing initiatives to prevent iodine deficiency and its consequences should be intensified.
After the border conflict between Ethiopia and Eritrea, iodated salt production and distribution was nonexistent in Ethiopia, mainly because of the absence of a local salt-production industry. Today, however, about 95% of salt consumed in Ethiopia is produced in the country. The salt deposits in Ethiopia are estimated to be adequate for more than 100 years.
On the basis of these facts, the Federal Ministry of Health, in collaboration with UNICEF and other stakeholders, has pledged to launch a universal salt iodization program in the country.
Although the goitrogenic effect of cassava consumption is counteracted by adequate consumption of iodine, it is important to educate communities on cassava-processing techniques to remove cyanide, a known goitrogenic factor, so that iodine deficiency will not be exacerbated if the intervention program is interrupted for any reason. Moreover, the current survey results will serve as background data for the future impact evaluation of the planned intervention activities.
